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(54) ORIENTATION MEASURING INSTRUMENT 

(57) It is possible to generate a resonance mode 
such that a dielectric resonator (20) can be resonated 
and an electric field vector leaking out from the resona- 
tor (20) exists by arranging antennas (22a and 22b) for 
the resonator (20). When a sample (22) has dielectric 
anisotropy, the resonance frequency of the resonator 
(20) varies when the sample (25) or resonator (20) is 
rotated. The dielectric anisotropy of the sample (25) is 
found from the variance of the resonance frequency. 
Thus the dielectric anisotropy of not only a sheet-like 
sample, but also such a sample as a three-dimensional 
molded sample can be measured. 
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Description 

Technical Field 

[0001 ] The present invention relates to an instrument measuring the orientation of those inclusive of sheet-like sub- 
stances such as a polymer sheet including a film and paper and stereoscopic articles such as moldings of plastic, resin 
rubber and the like with a microwave. 

Background Technique 

J* 16 f | ber °«'entation of paper corresponds to the chain direction of molecules forming fiber, and is closely 
related with curling, torsion, inclination of NIP (Non-Impact Printer) paper and the like. Standards in fiber orientation are 
becoming stoct particularly in these several years, and several types of measuring methods have been employed 

»«Z ,i a u " meth0d • 3 dynamic rup,ure intensit y metnod ' an ultrasonic method, a microwave method 
and the like as such measuring methods, and the correspondence between operations on a wire part and the orienta- 
tion is substantially being elucidated at present. 

[0003J On the other hand, in the case of a polymer film, that forming the film is not fiber, and anisotropy of the arrange- 
ment of molecular chains can be grasped as the anisotropy of various physical properties, for example, optical, electri- 
ca and mechanical intensity and the like. Therefore, inclusive of paper, polymer film and the like, the orientation can be 
coHectjvely grasped as the anisotropy (molecular orientation) of the arrangement of molecular chains 
f. TL ! '? 9 ! n6ral that 8 S0Hd P 0 ' 5 ™* has Mentation in the process where molecular chains are solidified from a 
S^S. Z V°- ? Sh3pe there ° f ' ° Ue t0 the Nation- anisotropy appears in a dynamic, thermal, optical or 
electromagnetic physical property. Consequently, for example, anisotropy of the modulus of elasticity, anisotropy of the 
ratio of heat contraction or the like, takes place to cause various problems in quality. 

[0005] As methods of measuring such anisotropy. an X-ray diffraction method, an infrared polarization method, a flu- 
orescence polarization method, a birefringence method, an ultrasonic method, a microwave method and the like are 
e rnp loyeo . 

[0006] Among these methods, the X-ray diffraction method and the fluorescence polarization method require time and 
labor for measurement, while measurement is difficult in relation to a thick sample in the infrared polarization method 
The birefringence method is a method of optically measuring anisotropy by utilizing a refraction phenomenon based on 
anisotropy of a refraction index, and an opaque sample cannot be measured since transparency with respect to visible 
hght or near infrared light is required for measurement. The ultrasonic method is of a contact type and hence unsuitable 
ror a moving sample. 

[0007] A method employing resonance of a microwave utilizes anisotropy of a dielectric constant. The dielectric con- 
ori o n ntl aS 3 00 " alS ° Wi,h 3 fe,raCtiVe ind6X - 17,6 metnod employing a microwave is utilized for molecular 

FiTTrr! ra9ardless of Presence/absence <" °P«cal transparency inclusive of paper and a polymer film. 
[0008] Fig. 1 illustrates the principle of a conventional orientation meter employing a microwave cavity resonator It 
comprises a microwave introduction part 2 on one end portion and a microwave detection part 4 on another end portion 
The part between ftese end portions defines a microwave resonator 6 formed by a waveguide having a constant elec- 
tric feu vibrational direction. The resonator 6 is provided with a slit 8 in a direction perpendicularly crossing the axis of . 
EZT^J r * tne pos,t,on of a lo °P Dart of a siding wave. A sample 10 is arranged in the slit 8. a microwave is 
™ °^ C J? J° m the micl ™ ave "*oduction part 2, and the microwave intensity is detected with the microwave detec- 

flKi ^Tv ,' S r °! ated ar ° Und the 8x18 * tne resonat ° r 6. and the intensity of the transmitted microwave 
is detected every rotational angle for obtaining the orientation pattern. It is also possible to obtain a dielectric constant 
pattern by obtaining the dielectric constant every rotational angle position from deviation between the resonance fre- 

T" arr S n9 . the Samp ' e 10 in *" Slit 10 "* * e resonan <* frequency when arranging no sample. 
^L^ T^ m meas *i rin9 * e dielectri c constant with a microwave, that shown in Fig. 2 is proposed (refer to 
S^S ? °? 6 ^'"g-Open Gazette Jitsu Kai Hei 3-70368). There, it comprises a pair of dielectric resonators 

t£ SJtfr ST? ,f •^ U9h 3 SamP ' e 1 °- A Pair ° f termina,s 1 4a and 14b oppositely arranged through 

the dielectric resonator 12a are provided on side portions of one dielectric resonator 12a. An electric field vector having 
one direction parallel to the plane of the sample 1 0 is generated in the dielectric resonators 1 2a and 12b by these fer- 
ine A ! n ^,! 4b ' maasurina the dielectric constant from the resonance characteristics thereof. Here, the termi- 

h JLL 1 arS 'T ke " " iS 3,50 POSSib,e to comprise a plura,it y of pairs of terminals 14a and 14b and measure 

dielectric anisotropy of the sample by switching operations thereof. 

[0010] In the measuring instrument shown in Fig 1 or Fig 2, cavity resonators or dielectric resonators are oppositely 
arranged on both sides through the sample 10. and hence the shape of the measured sample 10 is limited to a sheet- 
iiKe one. 

[001 1 ] Accordingly, a first object of the present invention is to make it possible to measure dielectric anisotropy not 
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only in a sheet-like sample but also in a sample such as a stereoscopic molding. 

[001 2] An electric field vector in an in-sample plane required is desirably more uniform during measuring the dielectric 
anisotropy. 

[001 3] While the terminals 14a and 14b are loop-like in the measuring instrument shown in Fig 2, a second object of 
5 the present invention is to find a terminal shape which can further attain uniformity of an electric field vector than the 
loop-like terminal and improve sensitivity of dielectric anisotropy measurement. 

Disclosure of the Invention 

io [0014] One aspect of the present invention comprises a dielectric resonator having a plane being close to or being in 
contact with a sample, a microwave exciter generating an electric field vector having a unidirectional component at a 
frequency in the vicinity of the resonance frequency of the dielectric resonator when the sample is present and in an in- 
sample plane parallel to the said plane in the dielectric resonator, a detector detecting transmission energy or reflection 
energy by the dielectric resonator, a rotation mechanism rotating the sample or the dielectric resonator in a plane par- 
rs allel to the said plane, and a data processor obtaining dielectric anisotropy of the sample from variance of a detection 
output of the detector following rotation by the rotation mechanism. 

[001 5] This aspect is suitable for obtaining the dielectric anisotropy of a specific part of the sample. 

[001 6] Another aspect of the present invention comprises a plurality of dielectric resonators comprising planes being 

close to or being in contact with a sample and arranged close to each other, a microwave exciter generating electric 

20 field vectors having unidirectional components, which are electric field vectors having directions different from each 
other at a frequency in the vicinity of the resonance frequency of the dielectric resonators when the sample is present 
and in an in-sample plane parallel to the said planes in the respective dielectric resonators, detectors for the respective 
dielectric resonators detecting transmission energy or reflection energy by these dielectric resonators, and a data proc- 
essor obtaining dielectric anisotropy of the sample from variance of detection outputs by the detectors at the electric 

25 field vectors of different directions from the plurality of dielectric resonators. 

[001 7] According to this aspect, neither the sample nor the dielectric resonators may be rotated but the dielectric ani- 
sotropy of the sample can be obtained by outputs from the plurality of dielectric resonators, whereby it is suitable for 
• continuously measuring a sample flowing online. 

[0018] Still another aspiect of the present invention comprises a dielectric resonator having a plane being close to or 

30 being in contact with a sample, a plurality of sets, which are sets of microwave exciters generating electric field vectors 
having unidirectional components at a frequency in the vicinity of the resonance frequency of the dielectric resonator 
when the sample is present and in an in-sample plane parallel to the said plane in the dielectric resonator and detectors 
detecting transmission energy or reflection energy by the dielectric resonator, arranged on positions different from each 
other with respect to the dielectric resonator, a switching driver selecting one set among the plurality of sets of micro- 

35 wave exciters and detectors and sequentially driving the same, and a data processor obtaining dielectric anisotropy of 
the sample from variance of detection outputs of the detectors following switching by the switching driver. 
[001 9] According to this aspect neither the sample nor the dielectric resonator may be rotated but the dielectric ani- 
sotropy of the sample can be obtained by switching operations of the sets of the microwave exciters and the detectors 
by the switching driver, whereby it is suitable for continuously measuring a sample flowing online also in this case. . 

40 [0020] Variance of the detection output by the detector can be measured as variance of the resonance frequency. The 
variance of the resonance frequency can be measured as the shift quantity of the frequency itself. The variance of the 
detection output by the detector can also be detected as variance of detection energy at a specific frequency. 
[0021 ] Terminals of the microwave exciter and the detector can be rendered loop-like, or can be rendered rod-like ter- 
minals. When loop-like, coupling occurs through magnetic field, and when rod-like, coupling occurs through electric 

45 field. Electric field distribution on the position of the sample is decided by a resonance mode determined by the shape, 
the magnitude, an excitation method, the dielectric constant etc. of the dielectric resonator, and hence it is desirable to 
select such a resonance mode that an electric field as parallel as possible to the plane being close to or being in contact 
with the sample is produced. 

[0022] The loop-like or rod-like terminals may be so arranged that the directions of magnetic field distribution or elec- 
so trie field distribution in the resonance mode to be resonated and the magnetic field or the electric field produced by the 
loop-like or rod-like terminals vectorially coincide with each other, and are preferably arranged in the vicinity of or inside 
the dielectric resonator. For example, rod-like terminals can be arranged in a direction perpendicular or parallel to the 
plane of the dielectric resonator being close to or being in contact with the sample. 

[0023] When detecting transmission energy with the detector, the exciter and the detector are connected respectively 
55 to a pair of loop-like or rod-like terminals oppositely arranged through the dielectric resonator. 

[0024] Furthermore, when detecting reflection energy with the detector, the exciter and the detector are connected to 
one common loop-like or rod-like terminal arranged close to the dielectric resonator. 
[0025] The dielectric resonator is a cylindrical resonator or a square resonator. 
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StpSfcvZ? y d,e,eCtr ' C reS ° nat0r iS Preferably OTvered a shieldina material consisting of a conduc- 
ive matenal except a sample measuring surface. Thus. theQ value of a resonance curve can beincreased AtthTtime 
. .s preferable that a shielding materia, consisting of a conductive material is arranged also ab?v TsanSe Z^sZa 

trie resonator and the sh.elding material above the sample measuring surface. . <™ea.eiec 

i™«LT 9 ' 3 / (A) ^, hematical| y shows one embodiment. With respect to a dielectric resonator 20. proper microwave 

SSSES^TJSS I ^ " arran96d ° n Pf0per P 05 ^" 5 in proper erections ^hTespeS^e 
» !^f. !, , „ P b 6 *° pr0duce a resonance resonating the dielectric resonator 20 where an 
etectnc held vector leatang outward from the resonator 20 is present, by the antennas 22a and 22b For r^,nanS 
modes, there ,s a TM mode or a TE mode when the dielectric resonator 20 is square, and there isan HEM mode ot the 

«mt!H 7 ^ ,ndriCa '- ^ iPtenSity ° f an e,ectric ,ield vector 24 substaniiaS ^ta.M 
fromthe dielectric resonator 20. while the resonance frequency shifts by elecfromagnetic coupling inTe sinse [o the 
dielectric constant of a sample by placing the sample 25 in separation from the dielectric resonator 20 by^ sma f dTs 
tance or in contact with the dielectric resonator 20. resonaicr *v Dy a small dis- 

SSrir ~ 9 J* ( ? S S em ! tiCa, ! y Sh0WS thS SfrUCture in ^ of employing a cylindrical dielectric resonator as the 

elecfric field through the loop antenna 22a. and the dielectric resonator 20 resonates by electromagnetic couplinq The 
resonance frequency ,n this case is decided by the dimensions and the dielectric constant of Zd!E5£2i«£ 
20. Assuming that the radius of the cylinder of the dielectric resonator 20 is a. the length is L mSSSSSS!S!S 
is e. the resonance frequency f (GHz) is approximately obtained as: a'eiecinc constant 



f = 34(a/L + 3.45)/a/e 



1/2 



[0029] F.g^3(B) expresses Fig. 3(A) as an equivalent circuit. With respect to the resonance frequency when olacinn 
no sample, the resonance frequency shifts by the capacitance Cr changing in response ^SSmmSSSS 
sample 25 when pjacing the sample 25. When the dielectric constant of tne sample 25 has anisoSpv 
ST? S h hrftS W * dependi " 9 ° n the directions of the sam P'« 2 5 and the electric field vecS* 
S^mM^SSSi f i elddiStriblrt ' 0n in the HEM1 18 modBL (A) Shows electric f ieW distribution on a horizontal 

ST- oT^nl w ?L f 1° reSOnat ° r 20 ' (B) ShOWS eleCfriC f ieW disfri bution on a meridian section plane 
or <)> - o M>. angle from a reference direction in the horizontal plane) 1 

SSih R9 ' 3 3 ? d o 3 ^ 9 descri P tion - 1,16 microwave going out from the oscillator 26 is magnetically cou- 

pled with the dielectric resonator 20 by the loop antenna 22a. and the dielectric resonator 20 can enter a esonart TsSe 
2%V?rZ « T 0 ' l the dielectric resona ^ 20 appears in the form substantially parallel totT,£S52t£ 
I thi n 21 nteract '°" w * a d, P° le m °ment provided in the sample 25 takes place. Here, with rotating the sant?25 
SS£! r6SOn ?/ 20 Para " el P ' aneS ° f the Samp,e 25 and the dielectric res ° n ator 20 by Si Swave 
ZtZ ITS*™ 3 "tl deteCt ° r 28 in corres P° ndenca to * national angle, the orientation state ^nSSSdES 
angle dependency of the intensity. A controller 30 controls the frequency of the microwave generated from fr,e oSlE 
26 and captures the microwave intensity by the detector 28. 32 is a computer as a data JuZZZretZZZZ 
tation state from the angle dependency of the detected microwave IrSS/ P 9 *" °" en " 

40 S in P llSm ° rie r ti0n measurement is described. In the dielectric resonator 20. there is relation 

shown in Rg. 5(A) between the .ntensrty of the transmitted microwave and the frequency This resonance curve is 
referred to as a Q curve. With the sample 25 being placed, the Q curve varies by hlM, 



CO — O) 



CO 
a 



W = Ij> 0 |E.|\*- 
cd = 2nf 



»: complex angular frequency (sample) 
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5 




complex angular frequency (blank) 
electric polarization 
conductive current density 
electric field 
magnetic field 
magnetization 

indicates that it is a complex number 



[0033] 



That showing the variance is Fig 5(B). When the sample 25 has anisotropy in a plane opposite to the dielectric 



10 resonator 20 and if the sample 25 or the dielectric resonator 20 is rotated in a plane parallel to the plane, the peak fre- 
quency (resonance frequency) of the Q curve varies every relative rotational angle position (S) of the sample 25 with 
respect to the dielectric resonator 20 as shown in Fig. 6(A), for example. In this rotation, in a Q curve shitting to the high- 
est frequency side, for example, it is assumed that detected intensity of the transmitted microwave at the frequency is I 
and such a frequency that detected intensity on the high frequency side is I/2 is f v The detected intensity of the trans- 

15 mitted microwave at each rotational angle at the frequency f«| is shown as a section of Fig. 6(B). Rewriting it with the 
rotational angle S on the horizontal axis, it becomes as shown in Fig. 7(A). Further rewriting it in a spherical coordinate 
system, it becomes elliptic as shown in Fig. 7(B), and the orientation angle (<|>) and the degree of orientation (a/b) can 
be obtained from this result, a is the major axis length of the elliptic, and b is the minor axis length. 
[0034] The present invention comprises a dielectric resonator having a plane being close to or being in contact with 

20 a sample, and rotates the sample or the dielectric resonator in the plane or changes the direction of an electric field vec- 
tor while generating the electric field vector having a unidirectional component at a frequency in the vicinity of the res- 
onance frequency of the dielectric resonator when the sample is present and in an in-sample plane parallel to the plane. 
Alternatively, it comprises a plurality of dielectric resonators having planes being close to or being in contact with a sam- 
ple and arranged close to each other, and generates electric field vectors having unidirectional components which are 

25 electric field vectors having directions different from each other at a frequency in the vicinity of the resonance frequency 
of the dielectric resonators when the sample is present and in in-sample planes parallel to the planes in the respective 
dielectric resonators. Then, it obtains dielectric anisotropy of the sample from variance of a detection value of reso- 
nance energy following rotation of the sample or the dielectric resonators or change of the electric field vectors or detec- 
tion values of resonance energy from the plurality of dielectric resonators having different directions of electric field 

30 vectors. Thus, it is possible to measure dielectric anisotropy not only in the case where the shape of the sample is a 
sheet-like one but also in a sample such as a stereoscopic molding. 

[0035] A moving sample can be continuously measured by rotating the dielectric resonator, changing the direction of 
the electric field vector or arranging a plurality of dielectric resonators having different directions of electric field vectors, 
so that it is applicable to online measurement on the production site. 
35 [0036] Also, when the dielectric resonator is covered with a conductive shielding member except a part where the 
sample is arranged, Q of a resonance spectrum increases and measurement with a considerate S/N ratio is enabled. 

Brief Description of the Drawings 

40 [0037] Fig. 1 is a schematic perspective view showing a conventional orientation measuring instrument employing a 
microwave cavity resonator. Fig 2 is a sectional view showing a conventional orientation measuring instrument employ- 
ing a dielectric resonator. Fig. 3(A) is a schematic perspective view of one embodiment illustrating the principle of the 
present invention, and Fig 3(B) is an equivalent circuit diagram thereof. Fig. 4 shows electric field distribution in an 
HEM 115 mode in a dielectric resonator, (A) is electric field distribution on a horizontal plane in the vicinity of an end of 

45 the dielectric resonator, and (B) is electric field distribution on a meridian section plane of 4> = 0. Fig 5(A) is a diagram 
of a Q curve showing the relation between the intensity of a transmitted microwave and the frequency in the dielectric 
resonator, and Fig 5(B) is a diagram showing resonance frequency shift following dielectric constant change. Fig. 6(A) 
is a diagram showing variance of a Q curve when rotating a sample or a dielectric resonator, and Fig. 6(B) is a diagram 
showing a section at a specific frequency. Fig. 7(A) is a diagram rewriting the section of Fig 6(B) with a rotational angle 

50 S on the horizontal axis, and Fig. 7(B) is a diagram further rewriting it in a spherical coordinate system. Fig. 8 is a per- 
spective view showing a first embodiment. Fig. 9(A) is a diagram showing a transmission energy spectrum when plac- 
ing no sample in a measurer of the embodiment, and Fig. 9(B) is a diagram enlarging a part shown by arrow in (A). Fig. 
10 is a diagram showing a resonance peak around 5070.2 MHz in the embodiment, (A) is at blank measurement placing 
no sample, and (B) is the case of placing paper as the sample. Fig. 1 1 (A) is a perspective view showing an embodiment 

55 measuring reflection energy by a dielectric resonator, and Fig. 11 (B) is a front el evat tonal view showing a dielectric res- 
onator and a rod antenna there. Fig. 12(A) is a diagram showing a reflection energy spectrum in blank measurement in 
the embodiment of Fig 11, and Fig 12(B) is a diagram showing a peak thereof shown by arrow. Fig. 13 illustrates dia- 
grams showing peaks around 4575.875 MHz in the embodiment of Fig. 1 1 , (A) is in blank measurement, and (B) is a 
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« f^ffSr th :. Samp,e " * g 14 is a front •«*«« "to* showing an embodiment rotating a dielectric res- 
eiectively^a ^ SJSSSL^SR - " * "* h 3 reSOnator and a dielecfric ^sonator 

sffi?s iS25raS2^sr s h howin9 a measurin9 instrument combining a resonat ° r 

of the rSSf^K^tr" 8 T ° f maWn9 measurement * rend *""° erections 

direction of the sarno e Fin IXStTtS 1 ) ^ Sh ° W ' n9 Variation * a resonan <* spectrum with the 
square resonaL^rJd^ J£^S5tt£Z^ * M ^ 3 

eSbSimeS o^t*^ *! W When • Sam " ,e in a SSSJTiS 

Best Modes for Carrying Out the Invention 

IT 21 11(A) 5hOWS a " embodimen t for measuring reflection energy by a dielectric resonator 20 and * roH 
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in the plane parallel to the plane of the dielectric resonator 20, if the sample has anisotropy of the dielectric constant. 
[0045] Fig. 14 shows a concrete example rotating a dielectric resonator 20. The clielectric resonator 20 and a shield 
case 35 are mounted on a rotary joint 42, to be rotated by a motor 46. Connectors 34a and 34b are connected to an 
oscillator and a detector by a joint 44 through the rotary joint 42 respectively. A sample 48 is arranged in approximation 
5 to the upper surfaces of the shield case 35 and the dielectric resonator 20. 

[0046] In this case, transmission energy in each direction in the plane of the sample 48 is measured by rotating the 
dielectric resonator 20 and the shield case 35, and dielectric orientation of the sample 48 is obtained from the anisot- 
ropy thereof. 

[0047] The sample 48 may be sequentially placed, or may be continuously moving. Online measurement is enabled 

w when the sample 48 is continuously moving. 

[0048] Fig. 15 schematically shows another embodiment for obtaining anisotropy, which does not rotate a dielectric 
resonator 20 as well as a sample 48 but arranges a plurality of dielectric resonators 20a, 20b and 20c so arranged that 
the directions of electricf ield vectors generated from the dielectric resonators are differerrtin one plane so that the sam- 
ple 48 moves on these dielectric resonators. Referring to Fig. 15, microwave transmission energy in directions different 

is by 120° from each other is detected by three dielectric resonators 20a, 20b and 20c, and dielectric orientation of the 
sample is obtained. 

[0049] The embodiment of Fig. 1 5 rotates neither the dielectric resonator 20 nor the sample 48, and hence can quickly 
obtain the dielectric orientation of the sample. When arranging the dielectric resonators 20a, 20b and 20c in a line along 
the travelling direction (direction of arrow) of the sample 48 as shown in Fig. 15 and synchronizing the timing of detec- 
20 tion of the respective dielectric resonators 20a, 20b and 20c and the moving speed of the sample 48, the same place 
can be measured. 

[0050] When arranging the dielectric resonators 20a. 20b and 20c in a direction perpendicular to the travelling direc- 
tion of the sample 48, it follows that portions different from each other are measured, while the problem resulting from 
the difference of the measured places can be suppressed by arranging the same in approximation to each other. 
25 [0051 ] Also when detecting the reflection energy as the embodiment of Fig. 1 1 , the dielectric resonator can be rotated 
as shown in Fig. 14 or a plurality of dielectric resonators can be arranged while making the directions of electric field 
vectors different as shown in Fig. 1 5. 

[0052] It has been recognized that, when employing a square resonator whose sample measuring surface is square 
or rectangular as the dielectric resonator, linear bar-like rod antennas are superior to loop antennas in uniformity of 
* 30 directions of electric field vectors in a measured in-sample plane as terminals of a microwave exciter and a detector. 
This is described with reference to Fig. 16 to Fig. 20. 

[0053] Fig. 16 shows electrolytic distribution and resonance frequencies in the case of applying rod antennas to a 
square resonator. Referring to (A), a rod antenna 56a of an exciter is arranged on one side through a square resonator 
54 having a rectangular sample measuring surface and a rod antenna 56b of a detector is arranged on the opposite 

35 side thereof. The bottom surface of the square resonator 54 is arranged in contact with a shielding material 58 of a con- 
ductive material. "a M and "b" show the lengths of the shorter and longer sides of the sample measuring surface of the 
square resonator 54, and I shows the height. Table in (B) of Fig. 16 shows the respective dimensions a, b and I, electric 
field vector diagrams in respective resonance modes in the square resonator 54, and calculated values and measured 
values of the resonance frequency. The unit of the resonance frequency is GHz. In the modes having measured values, 

40 the calculated values and the measured values of the resonance frequency substantially coincide and it indicates that 
the illustrated resonance modes are proper. 

[0054] Next, distributions of electric field vectors of loop antennas and rod antennas are comparatively shown in the 
case of employing such a square resonator. Fig. 17(A) shows the case of employing loop antennas 60a and 60b, and 
Fig. 17(B) shows the case of employing rod antennas 56a and 56b. It is assumed that directions shown by one-dot 

45 chain lines in planes where samples 48 are arranged are 0 degrees. 

[0055] Fig. 18 shows results of comparing electric field distribution in the case of employing loop antennas or rod 
antennas in a cavity resonator and dielectric resonators. In the case of the square resonators, it was assumed that the 
directions of the one-dot chain lines were 0 degreess as shown in Fig. 1 7, and long and narrow papers (50 mm by 1 .5 
mm) impregnated with a wave absorber were placed on the sample measuring surfaces of the square resonators while 

so changing the angle every 30 degrees, for measuring resonance peak levels. In the case of the cavity resonator, the long 
and narrow paper impregnated with the wave absorber was arranged in a clearance part where a sample was arranged 
while changing the angle every 30 degrees. While terminals of a microwave exciter and a detector were rod antennas 
at that time, the horizontal direction was assumed to be 0 degrees assuming that the antennas were arranged in a ver- 
tical direction. 

55 [0056] In the case of the cavity resonator, resonance peaks are obtained only when arranging the long and narrow 
paper impregnated with the wave absorber in a direction of 0 degrees and a direction of 180 degrees, as shown in (A). 
It is understood from this that uniformity of the electric field vector direction is considerate in the cavity resonator. 
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was « h ^ a r™,^ e n aSUrin9 3 MmP ' e ^ 8 — * »«—'■ As shown in Rg. 
with loop antenSLTSrSS an* iteS^ "Tr" 8 mStrUment C ° mbinin9 8 We dielectric resonator 54 

for measuring r^Z^t^^1^7^lmZS£^ h T (B) "* (C) h Rfl " 19 
tity is small at approximately 0 6 MHz sh.ft.ng ,s observed as shown ,n Fig. 1 9(D), the shift quan- 

direction different by i ^^^^^^^T^ 6 48 an ? .^urement was made while making the 

S in s-^ and reached 17 MH2 as 

is in contact with th^eW ^*J^E^^£^ ^ b ° tt ° m ^ ° f 1,16 dielectric resonator 62 
shield case 64 are set flush with 'each SI A S3 TJ^^ZZT reS ° nato ' 62 3nd an ° penin9 of 1,16 
arranged between the side surface tSJSl^iSS^ "! 8 ? 3016,108 ^ * 3 de,6Ct0r are 
tons opposed through the 

lectric resonator 62 A strie^^Z^^TJrZ JT 3 '' 1 * ? *" t0 ** UPP6r SUrtace <* the die " 
dielectric resonator 62 SS ' S arranged above a surface of the sample 48 opposite to the 

shielding case 64 by a distance L of 30 mm 9 66 °° 3 P0Srt '° n S6para,ed from *• end of the 

shielding member 66) of this embodiment yemylene tere P™alate) wrth the d.electr.c resonator (that having the 
r^lcT^^^ when rate ting the sample in a p.ane as to a peak in the 

when placing no ^eTeqJeTcTvarianS SStSSi! 1*? ** freqUenCy in b,ank m ^surement 

direction are set at 6.5 LzTh S5T^?^^22 ST ^J* 0 " 3 ' ■ nBto - 7,16 COOrdinates in the ra <* a > 
the PET sheet comprises dielectric an^C £ the Ze P ^ ^ *" ~* " <*" be dear,y read that 

Seso^ntTsa^ ani ^ y <* a «** — bating ne*her a die- 

1 , 56a-2 and 56a-3 areTcxTante^ oT^ ex Srt^T^TS S^" d ™ ,a : diele <* ic "-"-tor «■ 56a- 
antennas 56a-1 and 56b-1 are arranged toTSXlSSii ^Sfn a^f 5 la 2a2 ST" ° f ' ™* 
resonator 62 in a pair, and 56a-3 and 56b-3 ara arrant Z * 1, 1 ' and 56b " 2 are arran 9ed to hold the 

pie nor the resonatoTef' * ° Py " 3 """^ p,3nS 03,1 be measured whil * rotating neither the sam- 

5 fie^ v!^ 62 J * -bodiment of Fig. 24. uniformity of 

~rodantennas£^^ 
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uring surface of the resonator 62 can be rendered orthohexagonal in the embodiment of Fig. 24. 
[0067] Fig. 25 schematically shows a computer as a data processor processing microwave detection output data con- 
verted to a digital signal by an A-D converter and captured. 80 is a CPU. 81 is a control part, 82 is a data storage mem- 
ory, 83 is-a display unit such as a CRT or a liquid crystal panel, 84 is a printer, and 85 is an input unit such as a keyboard 
5 and others. 

[0068] In the control part 81, a control program storage part 811 includes a microwave power supply program and 
others in addition to a program controlling operations of the overall device. A sample control program storage part 812, 
for example, stores a program controlling the operation of rotating the sample or the dielectric resonator in the embod- 
iment of Fig. 14, or the operation of switching the operating rod antenna pairs in the embodiment of Fig. 24. A sampling 

io program storage part 813 stores a sampling program for detection data, and the sampling program controls the timing 
of detection data sampling and the timing of A-D conversion by the A-D converter 138. A data processing program 
stored in a data processing program storage part 814 controls processing such as storage, arithmetic processing and 
others of measurement data (including data such as transmission or reflection microwave intensity detection data and 
a measured microwave frequency corresponding thereto, a use number, a rotational angle of a sample and the like) 

15 sampled and introduced into this data processor, and performs formation of an orientation pattern from the measure- 
ment data and operation induction of the orientation direction and the degree of orientation. 

[0069] An output program stored in an output program storage part 815 controls an operation of selecting the orien- 
tation pattern, the orientation direction, the degree of orientation and the like at any time and outputting the same to the 
display unit 83 or the printer 84. 
20 [0070] The data storage memory 82 comprises an input buffer memory area 821 for temporarily storing the measure- 
ment data introduced into this data processor, a processing data area 822 storing processing data calculating the ori- 
entation direction, the degree of orientation, the orientation pattern and others from these data, a storage area 823 of 
basic data for data processing, an output buffer memory area 824 storing or updating displayed or printed data at any 
time and the like. 

25 [0071] A rotary encoder 53 is provided for detecting the rotational angle of a sample or a dielectric resonator. 52 is a 
frequency counter, which is provided on, for example, a microwave oscillator. A rotational angle signal of the sample by 
the rotary encoder 53 and a measured frequency signal by the frequency counter 52 are introduced into this data proc- 
• essor in correspondence to sample transmission or reflection microwave intensity detection data by the A-D converter. 

30 Claims 

1 . An orientation measuring instrument comprising: 

a dielectric resonator having a plane being close to or being in contact with a sample; 
35 a microwave exciter generating an electric field vector having a unidirectional component at a frequency in the 

vicinity of the resonance frequency of said dielectric resonator when the sample is present and in an in-sample 
plane parallel to said plane in said dielectric resonator; 

a detector detecting transmission energy or reflection energy by said dielectric resonator; 
a rotation mechanism rotating said sample or said dielectric resonator in a plane parallel to said plane; and 
40 a data processor obtaining dielectric anisotropy of the sample from variance of a detection output of said detec- 

tor following rotation by the rotation mechanism. 

2. An orientation measuring instrument comprising: 

45 a plurality of dielectric resonators comprising planes being close to or being in contact with a sample and 

arranged close to each other; 

a microwave exciter generating electric field vectors having unidirectional components, being electric field vec- 
tors having directions different from each other at a frequency in the vicinity of the resonance frequency of said 
dielectric resonators when the sample is present and in an in-sample plane parallel to said planes in the 
so respective dielectric resonators; 

detectors for the respective dielectric resonators detecting transmission energy or reflection energy by these 
dielectric resonators; and 

a data processor obtaining dielectric anisotropy of the sample from variance of detection outputs by said detec- 
tors at said electric field vectors of different directions from said plurality of dielectric resonators. 

55 

3. An orientation measuring instrument comprising: 

a dielectric resonator having a plane being close to or being in contact with a sample; 
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40 



45 



VH5L 0,m ! rC TI e 9eneratn9 *cMc« sectors having unidirectiona. com- 

The orientation measuring instrument in accordance with claim 1 2 or 3 

The orientation measuring instrument in accordance with claim 1 2 or 3 

The orientation measuring instrument in accordance with claim 1 2 or 3 
wherein said dielectric resonator(s) is a cylindrical resonator. 

The orientation measuring instrument in accordance with claim 1 2 or 3 
wherein said dielectric resonator(s) is a square resonator. 

The orientation measuring instrument in accordance with claim 1 2 or 3 
The orientation measuring instrument in accordance with claim 1 2 or 3 
12. The orientation measuring instrument in accordance with claim 1 1 
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Fig. 1 
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Fig. 13 
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